Objective: Hypersensitivity with repeated exposure to platinum agents is common and can preclude continued treatment, even in patients with disease that remains platinum sensitive. We sought to compare the effects of prophylactic, extended carboplatin infusion versus standard infusion on the rate of carboplatin hypersensitivity reactions (HSRs) in women with recurrent ovarian cancer. Methods: This was a single-institution, randomized, nonblinded trial comparing a graded, 3-hour extended infusion of carboplatin with a standard 30-minute infusion in patients with recurrent ovarian cancer who were enrolled from January 2011 to April 2015. The study was designed to detect a decrease in the HSR rate from 20% (standard infusion) to 5% (extended infusion) assuming a type 1 error of 10% and power of 80% using a 1-sided test. Results: Of 146 enrolled patients, 114 were evaluable. Fifteen (13%) had an HSRV11% (6/56) in the extended-infusion and 16% (9/58) in the standard-infusion groups (P = 0.582). Planned treatment completion was achieved in 50 (89%) of 56 patients and 49 (84%) of 58 patients, respectively. Of 25 patients who received single-agent carboplatin, 8 (32%) had an HSR (53% of all patients who had an HSR [8/15]). Of 23 patients who received carboplatin with gemcitabine, 4 (17%) had an HSR (27% of all patients who had an HSR [4/15]). Of 8 patients who received carboplatin with paclitaxel, 3 (38%) had an HSR (20% of all patients who had an HSR [3/15]). There were no HSRs with pegylated liposomal doxorubicin, the most commonly given concurrent chemotherapy (46% of all patients). Conclusions: A prophylactic, extended carboplatin infusion was not associated with a decreased HSR rate. The overall low HSR rate suggests that premedication may help reduce HSRs.
R ecurrent ovarian cancer is distinct from most solid tumors in that it often retains sensitivity to platinum chemotherapeutic agents over multiple relapses. 1 An important prognostic factor in recurrent ovarian cancer is platinum sensitivity, which is defined as relapse at 6 or more months from the date of last platinum treatment. 2 Patients with recurrent platinumsensitive ovarian cancer are usually retreated with carboplatin in combination with a taxane, gemcitabine, or liposomal doxorubicin or as a single agent. 3Y5 The risk of carboplatin hypersensitivity reaction (HSR) increases with repeated exposure to carboplatin. 6, 7 The reported rates of carboplatin HSR range from 12% to 44%. 6 ,8Y12 Clinical manifestations are variable and usually require treatment with antihistamines, corticosteroids, and, in severe cases, epinephrine. 13, 14 There have been reported deaths associated with carboplatin HSRs, despite aggressive resuscitative efforts. 15 The sudden development of a carboplatin HSR is particularly distressing for patients whose cancer remains platinum sensitive. Select patients who experience carboplatin HSRs may undergo retreatment with carboplatin using desensitization schedules, but these are complex and burdensome regimens, and breakthrough HSRs are common. 16Y20 Moreover, these prolonged desensitization schedules must be maintained with each dose and are often not available outside larger treatment centers, precluding platinum retreatment for many patients.
We hypothesized that an abbreviated desensitization schedule, administered preventively in the form of a graded challenge, 3-hour infusion of carboplatin might reduce the incidence of initial HSRs, facilitating the successful administration of this critical ovarian cancer chemotherapy. Findings from a large retrospective review of 707 patients with ovarian cancer who had undergone platinum retreatment showed that the use of an extended carboplatin infusion, compared with standard infusion, was associated with a statistically significant reduction in the rate of HSRs (3% vs 21%, respectively). 21 Similar results were seen in another retrospective study of 326 patients, with an HSR rate of 40% in the standard-infusion arm and 24% in the 3-hour extendedinfusion arm. 9 On regression analysis, receiving a triple premedication regimen of a corticosteroid, an antihistamine, and an H 2 antagonist prior to carboplatin treatment was the only variable significantly associated with fewer HSRs.
To determine the role of a prophylactic, extended infusion of carboplatin to reduce the incidence of HSRs, we conducted a prospective randomized clinical trial that compared an extended infusion with a standard infusion of carboplatin. The primary objective of this study was to determine whether the prophylactic use of an extended infusion was associated with a clinically meaningful lower rate of HSRs compared with the standard 30-minute schedule.
METHODS

Study Design and Participants
Eligible patients included women with histologically confirmed ovarian, fallopian tube, or primary peritoneal carcinoma who had received at least 1 prior platinum-containing regimen. Participants were required to have a Karnofsky Performance Status of 70% or greater and adequate hematologic, hepatic, and renal function. Exclusion criteria included a history of platinum HSR, uncontrolled concurrent illness, a life expectancy of less than 12 weeks, pregnancy or lactation, or receipt of another investigational agent. All study patients had previously received at least 6 cycles of a platinum-containing regimen. Demographic information is shown in Table 1 .
Procedures
The trial was conducted in accordance with the provisions of the Declaration of Helsinki and Good Clinical Practice guidelines. The protocol was approved by our institutional review board, and the trial was registered with ClinicalTrials.gov (NCT01248962). The study was closed, and the database locked on October 20, 2017. This was a single-institution, randomized, nonblinded trial comparing a graded, extended (3-hour) infusion of carboplatin (extended arm) with a standard (30-minute) infusion (standard arm) in women with recurrent ovarian, fallopian tube, or primary peritoneal cancer slated for treatment with a carboplatincontaining chemotherapy regimen.
All patients in both arms received identical chemotherapy premedications: montelukast 10 mg once daily for 3 days prior, dexamethasone 20 mg the night before and day of the carboplatin infusion, and either ranitidine 50 mg intravenously (IV) or famotidine 20 mg IV before the carboplatin infusion ( Table 2 ). Patients also received diphenhydramine 50 mg IV prior to the infusion. If a patient was unable to tolerate diphenhydramine 50 mg IV, she was given a reduced dose of 25 mg IV or hydroxyzine 25 mg orally. Previously published data have shown that the incidence of HSRs can be reduced with the administration of premedication, 22, 23 and therefore all patients on the study received premedication as per our standard. At the treating physician's discretion, patients received carboplatin alone or in combination with pegylated liposomal doxorubicin, paclitaxel, gemcitabine +/j bevacizumab, or bevacizumab. The dosing of these agents was based on institutional guidelines, with a plan for 5 to 8 cycles.
Patients on the extended arm were treated per a graded protocol ( Table 2 ). The initial infusion contained 10% of the total carboplatin dose in 100 mL of Dextrose 5% in water solution. Ten milliliters (1% of the total dose) was infused during the first hour. If there was no evidence of an HSR, the remaining 90 mL (9% of the total dose) was infused over the second hour. If tolerated, the second infusion containing 90% of the total dose in 250 mL of D5W was infused over the third hour (Table 2) . Patients on the standard arm were treated per institutional guidelines: 100% of the carboplatin dose was administered in 250 mL of D5W over 30 minutes. Per protocol, patients who experienced an HSR of grade 1 or 2 on the standard arm were permitted to cross over to the extended arm at the discretion of the treating physician.
An HSR was defined as any allergic or anaphylactic reaction, regardless of grade, deemed unlikely, possibly, potentially, or definitely attributed to the carboplatin. Hypersensitivity reactions were graded using the National Cancer Institute's Common Terminology Criteria for Adverse Events (version 4.0). All patients with an HSR were evaluated by a treating physician and managed according to standard institutional practice. Patients underwent standard clinical, laboratory, and toxicity evaluations prior to day 1 of every cycle. Criteria for removal from the study included substantial noncompliance with the requirements of the study, treatment delay of more than 30 days, the development of an intercurrent illness or situation that would affect assessments of clinical status and study end points to a significant degree, progression of disease, or the development of a grade 3 or 4 HSR. Patients were instructed on the premedication regimen at study entry and throughout the study. Premedication compliance was evaluated through patient diaries, which were reviewed at the start of each cycle.
Outcomes
The primary objective of the study was to determine the rate of HSRs in each group. The secondary end point was to determine the rate of planned treatment completion of carboplatin in each group. Exploratory end points were to determine the correlation, if any, between HSR and patient history of atopy, food allergies, drug allergies, number of prior platinum regimens, and the duration of time since the last platinum and concomitant chemotherapy agent. Patients were considered evaluable for the study end point if they had an HSR during any cycle or if they completed at least 5 cycles of carboplatin-based chemotherapy.
Randomization and Masking
Patients were randomized to receive an extended or standard infusion of carboplatin in a 1:1 manner. Randomization was accomplished by the method of random permuted block. Patients were stratified based on concurrent taxane treatment, as prior data had shown an increased rate of carboplatin HSR with taxane-containing doublets. 8 We anticipated approximately 5% to 10% of patients would receive ) a concomitant taxane. The second stratification factor was based on previous carboplatin exposure.
Statistical Analysis
We anticipated that 80% of the patients enrolled on this study would receive their second platinum-based regimen and 20% their third or greater platinum line of treatment. We determined that 114 patients would be required in order to show a decrease in the HSR rate from 20% to 5%, assuming a type 1 error of 10% and a power of 80% using a 1-sided test. We used continuous significant testing with a significance level of 12% to monitor the HSR rate within each arm separately, and we defined stopping boundaries for an unacceptable rate of HSR. The stopping boundary was set at 23% or greater. Fisher exact test was used to analyze categorical values. Univariate logistic regression was performed in the exploratory analysis of the relationship of baseline variables to the HSR rate.
RESULTS
Of the 146 patients who were enrolled on the study between January 2011 and April 2015, 114 (78%) were evaluable for the primary study end point. Of the patients who were not evaluable, 25 had progression of disease prior to receiving 5 cycles of carboplatin-based treatment; 2 withdrew consent; 2 had a complete response prior to 5 cycles, leading to cessation of treatment; and 3 were taken off of the study at their treating physician's discretion (Fig. 1) . The median age of the participants was 60 years (range, 35Y79 years), and the majority were white (88%) and had a diagnosis of a high-grade serous malignancy (97%). Demographic data are summarized in Table 1 . The majority of patients (71%) had been treated with 1 prior platinum-based regimen. Among the remaining patients, 25% had 2, 2% had 3, and 3% had 4 prior lines of platinum-based treatment. These percentages were similar between the 2 arms. The carboplatin doublets used were liposomal doxorubicin (46%, n = 52), gemcitabine (20%, n = 23), gemcitabine plus bevacizumab (4%, n = 4), paclitaxel (7%, n = 8), and bevacizumab (2%, n = 2). Twenty-five patients (22%) received single-agent carboplatin.
Among the 114 evaluable patients, 15 (13%) experienced an HSR: 6 (11%) of 56 patients in the extended-infusion group and 9 (16%) of 58 in the standard-infusion group (P = 0.582). Hypersensitivity reaction onset most frequently occurred during cycle 2 (n = 5, 33%) but was observed as late as cycle 6 ( Table 3 ). The completion of planned carboplatin-based treatment was achieved in 89% (50/56) of the patients in the extended-infusion arm and 84% (49/58) in the standardinfusion arm. Two of the 9 patients in the standard arm who experienced an HSR crossed over to the extended-infusion arm and completed therapy without an HSR recurrence.
The overall premedication compliance rate was 72%. The premedication compliance rate was 77% (43/56) in the extended-infusion arm and 67% (39/58) in the standardinfusion arm. The rate was 80% (12/15) in the HSR group and 71% (70/99) in the remaining patients.
Hypersensitivity reaction events most frequently occurred in patients treated with single-agent carboplatin. Twenty-five patients received single-agent carboplatin, of whom 8 experienced an HSR (32%), representing 53% of all of the patients who experienced an HSR (8/15). Twenty-three patients received carboplatin with gemcitabine, of whom 4 experienced an HSR (15%), representing 27% of all of the patients who experienced an HSR (4/15). Eight patients received carboplatin with paclitaxel, of whom 3 experienced an HSR (38%), representing 20% of all of the patients who experienced an HSR (3/15). There were no HSRs among patients treated with pegylated liposomal doxorubicin, despite this being the most commonly given concurrent chemotherapy (46% of all patients). There were no HSRs among patients treated with bevacizumab either when given with carboplatin alone or in triplet therapy with gemcitabine (Table 4) . Univariate logistic regression was performed as part of the exploratory analyses looking at the association of baseline variables with HSR. There was no association with number of prior platinum regimens, platinum-free interval, history of drug allergies, history of food allergies, or history of atopy (Table 5) .
DISCUSSION
In this randomized controlled trial, a prophylactic, extended infusion of carboplatin was not associated with a decreased HSR rate in patients undergoing treatment for recurrent ovarian cancer. This is the first randomized, prospective trial evaluating the prophylactic use of an extended-infusion carboplatin regimen to reduce the incidence of HSRs. An important finding of this study is the overall low HSR rate (13%), which is lower than many reported rates in the literature. 6, 8, 9 One possible reason for this low rate could be the high use of liposomal doxorubicin and carboplatin, which is associated with a lower rate of HSR. Another possible reason may be that all of the patients in our study received a standard premedication regimen that included a leukotriene antagonist. Previously published data have shown that the incidence of HSRs can be reduced with the administration of premedication, 22, 23 and therefore all patients on the study received premedication as per our standard. While the extended carboplatin infusion was not associated with a lower HSR rate, it is possible that the observed low HSR rate was due to the standardized premedication regimen and the relatively good patient compliance with at-home premedications before chemotherapy administration. Because all patients received premedications, the contribution of the premedication cannot be fully assessed in this study. While the extended carboplatin infusion was not associated with a lower HSR rate, it is possible that the observed low HSR rate was due 1 (17) 1 (11) to the standardized premedication regimen and the relatively good patient compliance with at-home premedications before chemotherapy administration. In a study by Lax et al, 8 in which a 40% HSR rate was observed among 15 patients treated on an extended-infusion protocol, patients received similar premedications immediately prior to chemotherapy, but they did not receive any home premedications. In a study by Pasternak et al, 9 the use of premedications, which were similar to those used in our study (triple therapy with H 2 antagonist, corticosteroid, and antihistamine), was associated with a lower rate of HSRs, with an odds ratio of 0.59 (95% confidence interval, 0.36Y0.97). As all of our patients received premedication, this limits our ability to ascertain the contribution of home premedications on the low HSR rate observed. However, the findings reported by Pasternak et al, 9 along with the results of our study, suggest that the use of a home premedication regimen could help reduce the rate of carboplatin HSRs. Ensuring compliance with home medications was a challenge in our study; however, the use and careful review of a patient pill diary helped with adherence.
The rate of carboplatin HSRs in our standard arm was lower than anticipated. Based on our retrospective study, we had powered our prospective trial for a 20% HSR rate in the standard arm, but the actual rate was 15%. 21 Therefore, it is possible that our study was underpowered to show a difference between the arms.
Prior studies have shown an association between baseline variables such as number of prior platinum regimens, platinum-free interval, history of drug or food allergies, and history of atopy 7,24Y27 with an increased risk of HSR. Our exploratory analysis did not show a correlation between HSR rate and these baseline variables. The analysis may have been limited by the overall very low number of HSRs observed, with only 15 patients for HSR analysis. Previous data have shown higher rates of HSR with taxanes compared with liposomal doxorubicin-containing carboplatin doublets, as was seen in our study. 11, 28, 29 We saw a trend toward a higher rate of HSRs with single-agent carboplatin, gemcitabine, and paclitaxel. There were no carboplatin HSRs with pegylated liposomal doxorubicin or in bevacizumab-containing regimens. The mechanism of carboplatin hypersensitivity is not fully understood, but it appears to be a type 1 immunoglobulin EYmediated reaction. Previous data have suggested that the pegylation may lower the immunologic response by the masking of antigenic sites, and the encapsulated doxorubicin may selectively damage T cells responsible for the accelerated blood clearance phenomenon that is seen in the immediate immune response. 11 The mechanism for decreased HSR with bevacizumab is not known. Approximately half of the patients evaluated received pegylated doxorubicin, and given its protective effect, this may limit the applicability of the results to other regimens and may also contribute to the overall low HSR rate seen.
Data from our study show that a prophylactic, graded, extended infusion of carboplatin, compared with a shorter, standard infusion, is not associated with a reduced rate of HSRs among patients with no history of carboplatin allergy. The study was not designed to address the potential utility of graded, extended carboplatin for patients with a history of prior carboplatin HSRs. For patients with confirmed prior carboplatin HSRs, many institutions have introduced a 12-step chemotherapy desensitization protocol for use in appropriately selected patients. 19 The overall low rate of carboplatin HSRs observed in this study is encouraging and suggests that a robust premedication regimen that incorporates at-home leukotriene plus dexamethasone followed by immediate premedication with H 1 and H 2 blockers may help to reduce the rates of this potentially life-threatening and treatment-limiting adverse effect of carboplatin therapy.
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